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 Th e maintenance of oxygen homeostasis 
is an important biological necessity that 
requires coordinated regulation of a 
range of diff erent genes. Th e hypoxia-
inducible transcription factors (HIFs) 
control the expression of most genes 
involved in cellular processes during 
adaptation to hypoxic conditions, includ-
ing angiogenesis, metabolism, vasodila-
tion, and cell migration. 1 
 Within the kidney, hypoxia plays a 
critical role in the pathogenesis of tubular 
and glomerular injury. It acts as an impor-
tant factor contributing to tubular atrophy, 
interstitial fi brosis, and induction of HIF 
or inhibition of prolyl-4-hydroxylases 
(PHDs), thus protecting the kidney 
against injury. 2 
 Under aerobic conditions, HIF-1  is 
bound by the von Hippel – Lindau tumor 
suppressor protein (Vhlh), which targets 
the protein for ubiquitination and degra-
dation. However, under hypoxic condi-
tions, Vhlh cannot bind to HIF-1 α , which 
leads to its stabilization. Thus, HIF-1 α 
can translocate to the nucleus, where it 
dimerizes with HIF-1  and activates the 
transcription of downstream target genes. 
Vhlh loss of function results in consecu-
tive stabilization of HIF-1  and upregula-
t ion  of  HIF-1    t arge t  genes .  1 
Podocyte-specifi c deletion of Vhlh has 
been shown to initiate a necrotizing cres-
centic glomerulonephritis accompanied 
by the expression of  CXCR4 , one of the 
HIF target genes. Th e presence of chem-
okine receptors such as  CXCR4 in podo-
cytes has been demonstrated before. 3,4 
Treatment with antibodies to  CXCR4 has 
resulted in the delayed onset and 
decreased severity of renal disease in 
podocyte-specifi c Vhlh knockout mice. 3 
In concordance with these findings, it 
could be shown that the expression of 
hypoxia-inducible factors (HIFs) and 
 CXCR4 is signifi cantly altered in human 
nephrosclerosis. Moreover, a plasticity of 
podocytes during hypoxic glomerular 
damage has been suggested. 5 
 Th e activity or stability of HIF-1  is 
maintained by prolyl- and asparagyl-4-
hydroxylases (PHDs / FIH1), which belong 
to the superfamily of iron (II) and 
2-oxoglutarate – dependent dioxygenases. 
Hydroxylation of the HIF-1  subunit by 
PHDs and FIH1 blocks the association of 
HIFs with the transcriptional coactiva-
tors, thus inhibiting transcriptional acti-
vation. Both prolyl hydroxylases, which 
determine HIF-1  abundance, and the 
asparagyl hydroxylase, which controls 
transcriptional activity, execute their 
functions in an oxygen-dependent man-
ner and thus serve as cellular oxygen sen-
sors. 1 FIH1 knockout mice did not show 
critical alterations in HIF functions, such 
as angiogenesis, erythropoiesis, or devel-
opment. However, mice lacking FIH1 
exhibited reduced body weight, an ele-
vated metabolic rate, hyperventilation, 
and improved glucose and lipid homeo-
stasis. Th ey were resistant to high-fat-diet – 
induced weight gain and hepatic steatosis. 
Neuron-specifi c loss of FIH1 mimicked 
some of the major metabolic phenotypes 
of the FIH1 knockout mice, indicating 
that FIH1 regulates metabolism through 
eff ects on neurons. 6 
 In terms of the kidney, our understand-
ing of the expression pattern of FIH1 and 
its functional relevance is incomplete. 
Sch ö del and colleagues for the fi rst time 
show that, in the kidney, tubular FIH1 
expression is limited to the thick ascend-
ing limb, distal convoluted tubules, and 
collecting ducts. In the collecting ducts, 
both principal and intercalated cells 
expressed FIH1 (Sch ö del  et al. 7 ). In the 
distal tubules, HIF-1  , PHD2, and FIH1 
were coexpressed, suggesting a synergis-
tic role in the control of HIF accumula-
tion. Whereas HIF-1  was activated in 
the proximal tubules under hypoxic con-
ditions, FIH1 was not expressed in this 
segment of the kidney, suggesting that 
HIF-1  might be regulated in a diff erent 
manner in the proximal tubules. 
 Within the glomerula, FIH1 was 
expressed selectively in podocytes. 7 FIH1 
knockdown had no signifi cant eff ect on 
HIF-1  expression under hypoxic condi-
tions. To better understand the functional 
role of FIH1 in HIF-controlled gene regu-
lation in tubular cells and podocytes, the 
authors silenced FIH1 in both cell types 
 in vitro . Th ereaft er, they investigated tran-
script levels of the HIF-1  target genes 
 GLUT1, PHD3, VEGF, CXCR4, and 
 TGF  1, which are known to play a role in 
HIF-1  – dependent functions. 7 
Under atmospheric oxygen levels (i.e., in 
the absence of HIF-1  ), FIH1 knockdown 
did not aff ect HIF-1  target gene expres-
sion in tubular cells, whereas it induced the 
expression of several target genes, such as 
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CXCR4, in podocytes. 7 Th is unexpected 
observation might be explained by an acti-
vation of HIF to levels below the detection 
limit. Alternatively and more probably, 
FIH1 might regulate podocyte function via 
HIF-1  - independent mechanisms. FIH1 
regulates several other signaling proteins; 
for example, it has been shown that FIH1 
hydroxylates two residues of the Notch 
intracellular domain (NICD), leading to 
an attenuation of Notch function. 8 Since 
upregulation of NICD in podocytes has 
been shown to play an important role in 
the pathogenesis of diabetic nephropathy 
and focal segmental glomerulosclerosis, 9 
it could be interesting to study a putative 
interaction between FIH1 and Notch in 
podocytes.
 Under hypoxic conditions (i.e., in the 
presence of HIF-1  ), FIH1 knockdown 
in tubular cells enhanced HIF target 
gene expression, revealing the transcrip-
tional inhibition of HIF by FIH1. 
However, an increase of HIF-1 α target 
gene expression could not be observed 
in podocytes. 
 In addition to the  in vitro data, the 
authors showed a decrease of glomerular 
FIH1 expression in a model of acute pro-
teinuric glomerulonephritis. Th is was 
accompanied by increased  CXCR4 
expression, suggesting that FIH1 might 
inhibit  CXCR4 expression  in vivo and 
thus might have implications in the 
development and / or propagation of 
glomerular infl ammation ( Figure 1 ). 
 Future studies have to show the func-
tional signifi cance of these observations. 
Conditional knockout mice for FIH1 are 
now available. 6 Using these, it will be fas-
cinating to investigate the functional con-
sequences of a specifi c FIH1 gene deletion 
in the distal tubules and podocytes, 
respectively. 
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 Figure 1  |  Hypothetical model of the function of FIH1 in podocytes under atmospheric 
oxygen levels. Under atmospheric oxygen levels, HIF-1  is suppressed in podocytes. FIH1 may 
then hydroxylate signaling proteins, such as the Notch intracellular domain (NICD), which in 
turn induces a downregulation of the CXCR4 receptor, leading to the inhibition of podocyte 
inflammation. 
